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SMSLOIVM cr A BAFFLE-TYPE 
M33RGY-DISSIPATCE TOR PIPE OUTLETS 

Brooks T. Morris and James T. Rostron 
1942 

LAB ORATORY STUDIES 

Satisfactory design criteria for energy disslpators for pipe out- 
lets has® been available only for hydraulio jmp designs. The relative- 
ly high cost of the long structures required to spread water frost a 
Pip® outlet and conduct it through Hie hydraulic juap has justified a 
search for shorter, lees expensive designs in which baffles and "staling 
pools" night be used to establish sons other energy-dissipating flow- 
pattern at loser mist* 

Baffle and spreader devices have been constructed by other organi- 
sations for use at the downstream ends of ooaduits through earth dsns. 
These devices have been developed by means of laboratory sKperlaant 
but sufficient study ha* not been given to any one design to pemdt its 
g«**ral use without eonfinratory labomtory twits. Since such tests 
would be prohibitive in oost if charged to individual struetaree as 
built by the Soil Conservation Service, it is necessary to carry each 
laboratory study through to the point where results capable of gener M 
application are obtained. 

For the develop*®* of an economical design for a baffle-type energy- 
dissip&tor fbr pipe outlets a general laboratory study has been under- 
taleso* In the interest of keeping the period of the laboratory study 
down t© a jainism tine, as well as for the purpose of efi iv- 

ptioity in field oomtanzotioa, experimoofcs have bean oonfined to the 
simplest, most slaaeeatary structures oapsble of dissipating energy. 

Bwfa eloaent added t® the design, however beneficial it way be, adds a 
variable to the list of experimental unknowns. In the present stats of 
the science of hydraulics, suoh additions all toe often require the 
multlplieatiaa «f the number of laboratory rime by 5. Obviously, then. 
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staple structures may 1 m studied in experiments of 28 to 125 runs while 
the sore oorapleac devices sight require 625 or 3125* Two methods that 
go hand la hand ee a, scmetiiaee, shorten the path fren the recognition 
of the problem to the proof of the aasser. The first is analysis, 
based oa the fee basic principles so far established la hydraulics* 
the second is the use of simplified models la which United extensions 
of these basic principles to the analysis of a particular proble* may 
bo ehoolced* 

A single basic principle on which energy-dis slpaior designs nay be 
developed is that described by Bouse in See* 70 of Chapter XXII of 
Field Meohanios for bydraullo Engineers, finginooring Soeiefeies Monograph 
Series, MoGrewwflill S.J, 1338. Staled more simply and in terms of our 
problem, this principle would bet 

the energy converted to taarbulepee la a given stream reach is proper- 


tloml to the initial JdLnotio energy of the flow* la this proportion. 



tern of the flow* la flow around pipe elbows at high Reynolds Busbars, 

this geometrical pattern remains the same ever a wide range of veloci- 
ties* Hie principle then is demonstrated by the constancy of the coeffi- 
cient of head loss at the bend. 

la open-ehamel energy-dissip&tore of all but the most minute sits 
the geometrical pattern of flow is assumed to be determined by the fixed 
outlines of the dissipator mils end conduits and by a Fronde Bomber of 
flow through the structure. This Freuds lumber may be written F » SS. , 
wherein* 84 

? ® the man velocity of flow 
g s the acceleration of gravity 
4 « a length term, usually a depth 

to determine experimentally the energy dissipation possibilities of a 
given series of struetunal elements, such as a pip® outlet, a box and 
a biff -wall, it is necessary to vary the geometric proportions of these 
elements and to vary the Freud© Bttaber of the flew* 
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la most energy dissipators sevwr&l restates of fleer are possible, 
depending cm Hie proportions of the device and the Proud© dumber of 
the fleer. 16 . thin each regime of Hear the variation of the coefficient 
of saer^r loss is systematic. Si© first purpose of e series of labora- 
tory tests is to detemiae t he critioal proportions and Fronde Buobors 
bounding Hus different relives. Often as in epen-ehaaael floe, it is 
necessary only to determine the critical values of the Proud© Number, 
lore laboratory study (or analysis) is neoeesary, if, as in the hydraulic 
lunp itself, the working range involves a significant and ocmtinuous 
variation of tho coefficient of loss with the Frond© faster. 

Within each regime of flow, the geometrical proportions, i.e., the 
shape of th© energy-dissipating chamber, control Hie amount of energy 
dissipation, this anoint is not easily predicted, the best of the 
analyses, all based on the aomentua equation, have bee®, accepted only 
vhen compared with carefully conducted SKperinents. (for instance, the 
hydraulic jump equation of Belanger awaited acceptance for dee© dee.) 

She soiaentua analysis most directly applicable to the baffle outlet 
problem is that developed for the study of the diffusion of jots. 

trpertaaots for the development of baffle-type energy dissipators 
for pipe outlets have been designed so as to identify various regimes 
of flew for various heights, shapes sad location of biff -wall and far 
various pipe-width to box-width ratios and to determine the critical 
proportions and Froude fathers (or quantities of flow) between which 
these regimes sure stable. She preliminary re port has to do with the 
most promising flow patterns and the proporticms of structure through 
which they are obtained. 

Values of Hie loss eoeffloieat, i.e. the pereent energy loss, have 
been obtained by approximate methods and have been used in sol acting 
the flow regimes of most use* 

(Swo additional criteria, aside from maxtetas energy dissipation and 
minimum ooat of structure, enter into Hie selection of the best hydrau- 
lic design from a scries of laboratory model tests, the first is stabdl- 
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ity of the flew pattern • The second is the minimisation of sir errtrairb- 
aatrt. If a flow pattern temporarily established by given boundary out- 
lines and a given Froudo Kus&er oaa either shift to another more stable 
pattern or ©soil late fro® one outline to another, the dangers of seour- 
iag only insufficient energy dissipation or of developing large shook 
forces are considered too great for the design to be acceptable* Only 
is exhaustive tests should prove the safety of a pendulating flow de- 
sign would it ever be used in praetiee. ) 

(ate satter of air entraiaaent is not so easily disposed of. It is 
possible for bulking or buoyancy, produced by mixing of air into the 
water, to render unstable an otherwise satisfactory flew pattern* 
neither satisfactory methods for analysing air entraimunt effects nor 
satisfactory methods for producing than «a a small scale in the labora- 
tory have as yet been developed. 411 that can be don© is to differen- 
tiate between various designs as to air entraiaaent opportunity and 
resistance to buoyancy effects and to observe structures both in the 
laboratory and in the field, Model laws for air entrainment rwstin to 
be derived#) 

Recalling the vast number of runs require d for simultaneous ooepori- 
aassts on all the variable dimensions and design features at once, we 
have simplified the initial tests to an extreme degree. 


\ 

•-....'-..’.'••■■r*: V ■■ " " 1 - yi 

«*h/o xv*x**4 mri$ ^cf JtorfiJtl&tfw x£*t#ta qmf smf&aq woJTI £ M -#»a 
*JAkNi 'mm ntdtott * I «# sttld* sortdlo 04* se<£ai/£ oSho*? norig a txx* aoaiX 

-t rtX>» 1 , nr{J 4 * 0 ff < * ©Si'WH® TOO Wirt 0 *AlIir »0 SO ••SO*-/-" 

afeosi# » 3 fxoX 3 afc§ 0 l»i%& to s® wJtWQj»*Jfr XS9M» JwioJttawBt* t&*o 

wfifeftiKw* 00 * o# aaiwfr «*0 sol *ms a oof- S#t»*i*s oo #w tMirt 
*Mi m»n yt«±fiiJC«&i»q. to \-WiW odd *r**q feltfocte cdeot wJ*W*f*» si 

(,ooiio/n <3 ai boon ©o’ tow #1 kitrmr a&Sn 
*1 n «to l! 0 «oq»il? m *m %i tommkmthm «sl» to wM«« •*«} < 

IM» o*oi si* to J^.fxbs smmbevt spnmpu* to sffJaUotf tot •Xtfiaaoq 

!■ .» • a ' ■- . ■' • •■t -* • to. 

~m®dn£ mU ai oi*c*» Urn - n * ko £»<& *aJ®»fc»s*i tot eto^asa i .$w 

wrattlb a* |1 orsoft #d am fsM IU »&»qoX»w&i JK»®d ®* ®*«* tW# 
&» '&irnfa*m tmmJUn&m tt* ot w ms&bm& mottm smwim4 •**& 
©iit rii liXod orsoado ot las* adwall® ^ws*BWd od •mtoititm 

oi aifoos fmmnkmitw tla tot awil Xa&oM «M*it edd stl km xsod*<*to 4 #i 

(*Jb©irit®l> *<# 

.iWi« «acw»r‘£wKi® tot Jkniaf't a«n to wfaa W*r os!* 3fliXX*t» » 
ew ,6M9 *m aslaoB 6 o» «B»i«i»Kife oMminm »d& ££m m otmm 

mm*m cm at vfmf fe&Jsl fcoltiiqmJte 




• 8 « 


TWO-D MEHSI0H6.L STUDIES 
Straight Biff-Walls (Without Caps) 

Pir»t, & two-dimensional model was constructed in which the lateral 
expansion from pip® to baffle box ms temporarily eliminated from oon- 
•ideration. In this model, Figure 1, straight biff-walls, i.e. vails 
vltlMwit caps, of various heights, 1^, me placed at various distances, 
%* tested at various values of the Froude liwfcer, F ft . In all 
mses the Froude Humber has been o&loulated on the basis of the mean 
jet velocity at the sluice outlet and the height of the sluioe opening, 
so that 

Y 2 a 2 

• (1) 

Experiments were conducted over a Froude It saber range from F * 1 
to F o » 108, a vail height rang© from « 0«Sd o to hj * 164 and a 
chamber length range from ^ * 2d o to 1^ * 64d 0 . To accomplish this, 
245 runs were made and recorded photographically. Four regimes of flow 
were identified: 

Condition A Submerged Fleer 

Condition B The hydraulic Jump 

Condition C The Forced Shock-Wave 

Condition D The Spray Sheet or Unsubmerged Overflow. 

Figure 2 indicates the type of flow obtained in each of the 245 runs 
together with groups of lines bounding the regimes of flow in the various 
"conditions". 

The description. Condition A, was given to all Hobs is which the 
jet issuing from the sluioe opening was submerged at the opening. Con- 
dition B includes only those runs in which the jet issued free from the 
sluioe, passed through the true hydraulic jwp in its full length, and 
flowed over the biff-wall in weir-type overflow. Condition C included 
those flows ia which the jet issued free from the sluioe outlet, passed 
through a s tanding shock-wave much like the hydraulic jump, fj flowed 
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STRAIGHT WALL 


SECTION THROUGH TWO-DIMENSIONAL MODEL 


Fig. 1 
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over the biff-mll in leaping flaw, 1.#. flow with a strongor upward 
oemponent than that of norsaal weir flow. Condition D included those 
flows which proceeded freta the sluio© opening over the biff-wall with- 
out subtaergoaoo other than the snail aamsifc produced by the slowing 
down of the flow at the sides of the model, i*e, the rubber back- plate 
and the glass front window. 

Condition A has been further subdivided iarfco two regimes, 4 -short 
said 4 -long* Xn Condition 4 -long, as in Condition B, the flow over 
the biff -mil is weir-ovorflow. In condition 4 -short, as in Condition 
C, the flow over the biff-wall is leaping overflow* In Figure 2 there is 
shown a fussily of lines which separate Condition 4 -short trm Conditions 
A -long, 1, and 0. These lines have been oonstrueted on the basis of 
H it ©qmtion 

*\ * i (dj - d 0 ) * 5 4* Id 0 - d # ) (2) 

which states that the MMsm length of tiff-wall chamber for any of the 
long conditions of flow is five tiaae the difference between the depth 
of flow at the biff-wall and the height of the sluice opening* Since 
the depth at Hear at the biff-wall is not directly predictable, the ex- 
pression hj ♦ Kd 0 ia which X normally lies between X and 1*6 has 
been subs tituted £ tor d^. X my be ooaputed from the weir coefficient 
as X a |/ jjj" * %uatioa 2 nay be recognised as another ftora of a hy- 
draulic- juep length equation suggested by Bakhmeteff and Matske (Trails* 
An* Soo.C.E. 101*645) in which s , 4^ s (d^ - d^) and 0^ has 

an approainate value of 6 over a wide range of F values. In the eo- 

o 

ordinates of Figure 2, Bj* 2 booonrn 

»S + i(X-F 0 "|) « ^ (2a) 

Conditions A -long and C are separated by the singular Condition 1, 
which is obtainable only when the height is Just sufficient to 
establish the conjugate depth corresponding to the parti oular values of 
^ and F^ existing at the sluice outlet. Thus Condition B can only be 
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FLOW TYPE 

A s SUBMERGED, LEAPING OR SHORT 
A l SUBMERGED, WEIR OR LONG 
B THE HYDRAULIC JUMP 
C FORCED SHOCK WAVE 
D SPRAY SHEET OR UNSUBMERGED 



Fig. 2. — Regimes of Flow for Straight Biff Walls 
n l/^c 



obtained at lever values of than these for Condition A -long and 
higher values of than those for Condition C. This Jtaot is indi- 
cated in Figure 2 by the arrangement of the letters A^, B, and C* 

Conditions A -short end C are separated from Condition B by a ori- 
tioal value of the mil height suoh that 



Jhatieolar study ms given to this quantity because of its significance 
in relation to stilHng-pool depths (see Appendix A). 

Photographs plaoed as Figures 3, 4, 3 and 6 show typical flew pat- 
terns tost Conditions A, B, 0 and D respectively* It my bo eons that, 
so long as there is sufficient length, Z^, for the development of 
Condition B, C, or B, length has no further effect on the porfonwmoe 
of tho flow upstream froa the tiff-mil* Shis fact is most effectively 
ieoonstrated by Figures 7 and 8 in which the loss coefficients for the 
various conditions of flow have bom plotted* 

la Figure 7, loss coefficients for Conditions A -long, B* C, and B 
have been plotted for lengths greater than those established by %. 2, 
as functions tho height ratio and the Froude Basher, * the loss 
or dissipation of energy upstream from the biff-wall has hem indicated 
on the chart by means of contours* 

the lees coefficients were obtained by means of the Bernoulli equa- 


h 0 + ^~ ♦ h lM, “ *1 + 4 " * °L • V (5) 




In practice me neglected and the loss was computed es 
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A J«t issues i*ag » sluio© opening of height, dg * 0,06 ft,, ftt 
F o » 2®, i.«» g|~ * 8d 0 # and fttrike* ft Mff«a»U of height 
% * 8<* 0 # »t taro different distaaooe, . 
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n*®*e* so. 1993-x 

(*) 

F o « IS, ^ * 0.1 ft. * 2d c , « fOi 0 
(Calculated conjugate dacth, dg « 0*276 ft*) 



Photo. So. 1996-3 


(%) 

F o • 37, ll^ * 0.18 ft. * 3*64^, » 70d o 

(Calculated conjugate depth, & 2 « 0.407 ft.) 

FKI, 4.— Coodition B - THE WCDW3M8 W 

A j$ffe IsauM un&uliawgod from a uluda# op^alx&g of fo#4gjN% 
d, » 0.06 It., passes through the h^drauHo jurap and war 
the biff mil placed at » 3*8 ft. for two different 
«U heights, hj . 
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Conditions identical with those of Flguro 4b 
QBcoept for increase la f and d . The flow is 
unaute*wrg©d for half thedistaaSc to tho tiff -mil. 


FIS, S—Coaditioa C - THE FCKCED SBOCX^SOT 

An uasuhoerged jot issues fro» a sluice opening 
of height, d » 0*06 ft. # and fame a forced shooit 
wars at the Siff-wall. 
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, % Photo. 86. 1908-8 

ib) * 

F o * 188 | hj * 0.06 ft. • 4 0 i » 16d 0 , 
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FI0. 0. —Condi tiim B - THE STRAY gHEST <3E UHSWMBRG® CWEKFIOtf 

A jot Issues from a. sluice opening of heifgit. 
and proceeds unsuhaerged over the tiff-mil. 


-* Bomber on Htotograph is in Error. 
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less coefficients, obtained as above described, have boon plotted 
ia Figure 8 For Conditions 1 -short and A -long* Bare the appropriate 
coordinates are another height ratio and a length ratio For the 


m T m _ 

biff-wall ahaaber j>A » The parallel lines of constant loss oo efficient 
in the A -long regi ne are equivalent to similar lines in Figure 7 shoe® 
parallel to the lines of constant -p • Auxiliary lines of constant ■gp 
have been plotted ia Figure 8 to indicate the effect of shortness of 
the chamber at loir values of this ratio* 

Tim mo of figures 7 and 8 for detens&aiag the values of the cooffi- 


cleats of energy loss and bade pressure is illustrated by means of Table 
1* Columns S sad 4 give values of ths coefficients taken by interpola- 
tion from Fi@jres 7 and 8* She values ia eolusas 8 sad 8 were determined 
directly by calculations based on observations from the photographs of 
the figures indicated la column 1. 

TABLE I 
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the velocity survey® of Pi sure 9 explain why the various loss con- 
tour® of Figures 7 and 8 behave a® they do, She maaaura&ents were made 
at Condition A -short, see Figure 10, although at a length approaching 
the critical value for change team A -short to A -long, eee Figure 8* 

She approadnate over-all lose oooffioiont for this performnoe was 8®t, 
an amount comparing vary favorably with that for F 0 » 88, h^ » 8d Q , 

\ » S2d 0 in Figures 7 sad 8. As nay be seen fro® the centerline velo- 
city profiles and the loss ooefftoient® derived feerefren, most of the 
lots took place through the spreading of ’fee Jet Into the overlying water. 
Plotted with fee eyori mental velocity profiles are theoretical velocity 
profile® based on pure jet-diffusion. She closeness of the solid button, 
and of fee surface of fee water also, to fee top of fee sluice opening 
explains fee increased departure from fee theory as fee cubciorgod jet 
proceeds downstream. She theory neglects both wall friction and upstream 
Bition, presuming only feat fee jet diffuses into quiet water* In our 
sapariaent fee upstream action of fee overlying wafer causes fee jet to 
diffuse more rapidly and wife greater loss than would fee quiet wafer of 
very deep and vast submergence, the effect of bottom friction is seen 
in fee curving of fee lower end of each velocity profile. 

If fee biff wall of Figures 9 and 10 fed been closer to fee sludoe 
outlet less energy would have bean dissipated through diffusion and more 
through turning at fee mil. According to Figure 8, a minim* value of 
fetal energy-loss would be reached at & « 8. As thq length decreases 
farther along fee line of constant *8, fee lews increases because 
fee increase in turning loss more than takes the place of decrease in dif- 
ffeslon loss. 

% means of Figures 8, 7 and 8, fee regime of flew and fee amount of 
energy dissipation for any oofeinatlon ef F fl , d Q , 1^, and eon be de~ 
teswinad. The nature of fleer in fee border tones between regimes A, B, 

C and B is shown in Figaros 11, 12 and IS. 

Any of fees© biff -wall systems may be used as an energy dissipating 
structure for a sluice outlet if a sttlliag-pool composed of an apron 
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JET DIFFUSION SURVEY 

F= 58 

— • »- MEASURED VELOCITIES AT FLUME CENTER LINE. 

THEORETICAL VELOCITIES (AFTER W.TOLLMIEN). 

Fig. 9. 
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Photo# Bb. 1036 

Condition 4. -Short 


d 0 * 0.06 ft., F 0 « S8| faj ® 8d o , « S2d 0 

?X<I. 10,— FSQTOORAPH OF 9HB 0© DIFFOBX01 S®f2T 
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photo, so. ma 


« 0.10 ffe.f * M, hj # 2d d t « 523^ 

Th© depth is slightly aore than to prodne® 

to© jwtp, hut to© flow approaches that of to© juap. 
Oc®s par® with Figure to to which only to© seal© and 
to© wall height are different. 



Stoaergeao© to greater thou Figure 11& hut to© con- 
dition He© botwoon Figure to and Figure to. 

Sot© ©top© of water surface. This flow is identi- 
cal wito conditions of Figur© to ©acospi for inoroasod 
Frond© Huabor. 

FIG. 11.— Condition A .long, approaohing B - SB&UOH 80BUBSB8E 

A high velocity jot issuo© from a sluice opening at 
to© right, diffuses, and passes ©war toe biff-wall to 

3V tffipO &Mm+ 
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Photo* Is* 1S13-4 

d 0 » 0*10 ft** W & « Mi ^ * M 0 i 1^ * 1?4 0 

St to srg snce is a© slight as to pewit this per- 
foroancc to approach Condition C closely* Compare 
■with Figure 8a. 



Photo* So* 1325-8 
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Th® length Is only slightly loss than that for 
th© cwaplet® forced shook mve* Also the mil 
heights is only slightly less tSum that for the hy- 
draulic .Imp* Therefore, this is Condition A -short 
approaching Condition C, and, in 'tom, approaching 
Condition B* 

Conparo this condition with Figures Sa and 11 h* 

All three are identical except tor F • 
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FIS* 12.— Condition A -Short, Approaohlng Condition C 
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Photo. Jfo. 199S-S 
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A slight increase In the velocity of the jot would 
rm&m the shook ware and "wash" the surface '’clean” 
over the blff-smll ©rest. Compare this condition with 
Figure 4a* which is identical eseoept for F . 



o 

Koto strong leapt*® flow and sdtaergenoe upstreoia 
froa the biff -wall, it this -value of F , the limit- 
ing quantity available. Condition D could not he ob- 
tained for h^ » S^» 


FI». IS— Condition C (the short forced shook cave) 
Approaching © 


A l&gjh Velocity dot Issues froa a Sluice Opening of Haight d Q ** 0.08 ft* 
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and end-sill is used to dissipate energy and to direct the eater 
flowing over the biff -wall. She photographs give some indication 
of the necessary length of apron since they sheer the shape of the 
nappe. 

In applying a biffwtmll structure to a particular outlet it is 
neeessary to predict the anouafc of had: pressure. For aost oases 
of Condition A flow where 4l is greater than 4, the back-pressure 

'ft 

head any be calculated as 


where I *» 1*6 will be satisfaotory fbr ordinary calculations. Where 
^ 1# snail, the closeness of the wall increases the back-pressure 

and the following calculations should be used* 


in vfeich the coefficient of back-pressure, G^, is taken froa Hg. 8. 
In Conditions B, C, and B there is no back-pressure. 


h 0 - h + 
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Capped Biff -mils 


la general, the structures required to return the floe from a 
straight biff-wall mein to the stream channel by means of an apron 
and sad sill are fully as bulky as the hydraulic jump structure. 

Tests were made, therefore, to determine the effect of various lengths 
of oap on toe else of structure required to handle a given fleer as 
well as on the onergy-dis sipation characteristics of this type of wall. 

In these tests it was found desirable to use a relatively large 
oap overhang in order to turn the flow back on Itself completely, (see 
Pig. 26.) The length of cap overhang, x^, has been determined by the 
r#Iati onship 


where is sow the net height under the oap, (see Pig. 14). Complete 
reversal of the flow direction at the biff-amll produces two worthwhile 
effects, first, it forces diffusion to take plaoe into a region of 
strong upstream velocity, thus diffusing toe fleer and dissipating energy 
rapidly. Second, it prevents leaping flow at the biff-wall, fording 
the highest point in toe overflow to be upstream rather than downstream 
from toe biff-wall. 

A definite height of biff-wall, h^, is necessary to produce complete 
and uniform reversal of to# flow. Shis height has & minimum value, 0d o , 
which obtains for toe m i n i mu m distance from the head wall, 1^ « 8d Q . 

Xf the biff-wall is plaeed at greater distances from the sluioe opening* 
greater heists are required to make up for toe effect of rapid diffu- 
sion of toe How. The following relation ia suggested for determining 


Xj » G.ihj 
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CAPPED WALL AND DEPRESSED FLOOR 

SECTION THROUGH TWO-DIMENSIONAL MODEL 


Fig. 14 



• 27 m 


Staring established Xj and in terns of 1^ and d A , we must still 
dstemlne and the significance of P Q * For this purpose we mast go 
to sketches prepared from the experiments. Figure IS. Throe regimes 
of flow are evidently possible for structure* based on equations S and 
T with various -values of and F^* 

Pbere 1^, is large and email. Type I flew ooeurs. In this regime 
the head or depth of overflow required to maintain fleer over the biff- 
wall is sufficient to reverse the flow direction at the upetroam-edg© 
of the oap* 

At larger values of F q or smaller values of 1^, type IX them is ob- 
tained. This is the condition regarded as nest desirable for biff-wall 
structures. The head required to remove the eater from the structure 
is no longer sufficient to tom the water before it reaches the head 
wall la it# upstream motion. The distance 1^ is small compared with 
that neoassary for Type I flow. 

Further increase in ? o or decrease in produces Type in flow. 

In this oondition the water rising at the head wall end falling again 
doee not strike the top of the biff -mil on its way down. There are 
Three disadvantages in this type of flow as compared with Type XX* 
First, the height of side wall required is great compared with the 
height of biff •wall. Second, the freely falling nappe, not being in 
contact with the rising flow, has no opportunity to diffuse with it. 
Third, the air sntraiaaeKt opportunities are greater in Type III tins 
in Type IX. 

In type II flow the principal flow is in ooataot with a mil or, 
better yet, with a current of water traveling in the opposite direction, 
through w wwy large fraction of its whole path length. Type U flow 
is, therefore, a vwy effective energy-dissipating system producing 
both large diffusion losses and large bend losses. 

A chart, Fi®*re 18, shews the ranges of F 0 end i|L in whiofa the 
various types of flow are developed. From this chart an equation may 
be written such that Type H flow ©an always be secured with a 
structure site* 
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Wail h 15 her and chamber 
longer than necessary. 
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TYPE H 


F = 24 ■ 


h, _ 


= 6 


x. _ 3 
4 3 




Structure properly designed 
for given flow rate. Minimum 
dimensions for good performance. 


Design dimensions adequate, but 
possibly smaller structure would 
perform satisfactorily 



do u ’ d 0 ’ d £ 

Structure greatly overloaded 
Air entrainment excessive, and 
very high side walls required. 


Froude Numbers. F . are Estimated 
' o ’ 


Flow Sketches for Regimes of Flow 
For Capped Biff Halls 


Fig. 15. 
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Fig, 16.— Regimes of Flow-Capped Biff -Walls 




( 8 ) 


or 


£ -*•» 


(8a) 
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A siadl ar equation. 



may be used to separate fype I (t) 


f*w type II. 

If a structure i« designed by »nzis of equation 8a, It will operate 

la type II floor at high discharges and type X at low. A stilling pool 

my he proportioned, to suit the overfall trajectory from the biff -wall, 

laboratory studies indicate that the stilling pool length nay he detor- 

1 

mined either hy the maximum rate of fleer or by a rate, say F»| f M „. lir , 
at which tho nappe projects farthest from the well. 

It now say be noted that the unit discharge. 


enters Into the determination of wall reqiJlrement and at mature perform- 
anoe, directly In the length, 1^, and only Indirectly In the height of 
wall h, and the oap overhang x^. This fast Is of great significance! it 
laHoahec that, so long as any one type of flow Is Obtained, energy dis- 
sipation and fleer stability are determined hy the geo m etr y of the biff- 
wall alone, the seme height of biffesall will handle all flows so long 
as increased length is not needed to keep the performance within type IX. 
Been than, only a small increase in wall height is required to tike into 
account expansion of the jet through diffusion. 

f sets were made with square-erected walls and with chamfered walls. 
By permitting shorter nappe trajectories and shorter structures cham- 
fered walls can be used to advantage and are, therefore, recommended. 

Photographs of performances of all three types and at several Froude 
Baabers are included in this report, (see Figs. 17 through 21). 
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Com par© with Pi cures Ms aM i 8 b, in which 
only Freuds lumber is changed. 


Slai.ee Opening 
4 0 « 0.06 ft. 



Caspar© -with figure 60 s la which only 
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PIO. 17 *— TTPB I FLOS 


Stales Opening 

4 a 0,06 ft* 
0 


ilia Type of fattern Goeurs at Relatively hear Discharges. 



— .J- 


3&J - lolitSM 

,m, as.o S3 h 

ft 


i«*Xd% *tM *<#<>& 

» x m .1 


{*) 


■ '■$’. SO* Mi t *’ ‘ Jt . * <r* ' NV,; t •* t 1 - #7 Stfi V » , 

* v , % o ■ ■ ;*«-,! i:U , ’ v<.ro 


jpl x»4- ac.toXS 

*f» m*o « .6 — » 

.Ml •* 

r 

x J(tl *r « 4 *0 * 1 

, 

C/.; 1 a':.nw ,tx ,cx« 

uni %£mrMsM& &* «WHW0 trmkhlf 1© #<fff ai4T 




Photo. Bo. 2100*3 
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It is also worthwhile to wmMm another regime of flow whioh can 
oocur when ths struct are is sot designed by means of the previously re- 
coawrided equations 6, 7 and 3# If the biff -wall height or the asp 
length is less than the value obtained by using; the above equations* a 
regime of fleer trill occur which has some of ths olmmeteri sties of Type 2 
fleer* Shis am rogiae of flow will bs known as type la. type Xa is sim- 
Uor to type 2 floer in the respect that, in each cone, the not floe has 
its direction of flow reversed without direct contest with the head mil. 

2c type la flow, the Jet issuing from the sluice opening is not com- 
pletely turned book on itself either beoause of inoQaap|.ste entrance doe 
to the lowness of the wall or because of incomplete turning due to the 
shortness of the cap. In both oases the diffused jet leaves the edge of 
the cap with a notion which has a vertical component as well as on up- 
stress# (or won downstream) horizontal coaponmt. (tousequoatly, loss 
head is required in typo 2a to aooomplisk the reversal of flow necessary 
for the stream to discharge over the biff-well and into the stilling 
pool than in type I. 

for the condition in which the structure has sufficient cap length 
and vary nearly sufficient biff-wall height. Typo la flow will occur at 
low and at average value# of F 0 , say u? to F e * 60* at higher values of 
F o# say to P o » 100, Hype II flow will be obtained (®@a fig. 22)* Be- 
tween the values of the Froude limber at which types la and II are 
steady, respectively, the flow will oscillate from one pattern to the 
other. For cactraaely low walls, the fraction of toe high velocity jet 
which strikes toe biff -wall and is turned back by cap is so small that 
the appearance of toe overflew is similar to that produced by a straight 
biff-wall of height (hj + y^, placed at the location, (X^ - j^), £rm 
the sluice. Ssacsplos of type la flow which aro produced by ©true tores 
with biff-walls of insufficient height are shown as Figs. 23 and 24. 

-hero is also the condition to oonsider la which the biff-wall is of 
sufficient height but has inadequate cap overhang. For a structure in 
which is snail and short, type Xa flow will oocur up to a certain, 
value of to# Froude tosher (usually quite high), whereupon too flow pat- 
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Sluloa Opening 
4 0 * 0.06 ft. 


Biot®. B». 1960*5 

Type IX Floor • Sigh Velocity 
F 0 » 120, ^ * 3d 0 , I* « 1M 0 » ^“4^ 

At high value F 0 » flaw pattera chaagaa free XA to XX. 

FIQ* 22.— COMJITIOr OF XlSRFFXCXISf BIFP-ULL HEE0HX 
Xa Above Jfeotograpfae, f Q only la Varied* 
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, k Hsoto. So. 1362-2 

(») 

F o « 24, * o » 0,10 n.i hj *l3d e f ♦ y x * 2d o j 
** 88*6d 0 , ftj * 2*84 o . Ctattp&r® with Fig* ar® 12a. 

This sxair.pl© of Type la flow approaches Condition C 
(straight biff-wall flow) 
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Caspar® with Figure So. 

FIS, 23— TYPE la FECBT 

Very low capped ©oils do not adnit tho flew suffi- 
ciently to turn it ba«& ©a itself, 'Sofia tlm is both 
coses siMlar to that obtained using uncapped mils. 
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Photo, to. 1962-1 
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F 0 «s 26, <t Q * 0.10 ft.| hj « l.Sd o , + y x * U 9 t 

Figaro# 12a aai 23a. 

%f* X& tlm approach## Coaflitior. 4 -long, which 
la turn approach## Condition 8. 



F 0 » 16, & Q » 0*10 ft.* h^ « 1.6d 0 , h^ ♦ » 2d 0 * 

a 6.8d e , atj a 2.6d 0 

Conparo with Figure 25b 
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Photo. So. 1076*2 


Type la nor - Ifcll Bright JasaffioioKt 

f o * **• h 38 M o ? • ***** *1 m 


Sluice Opening 
^ » 0,05 ft. 
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Photo# So. 1977-5 
Sppe II Plow - Plow Unsteady 


F o « 64, h^ * M^j « 12d 0 , * 4d 0 

MMmm wall height at' which Type H flow will occur 
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1 J Type XI Plow • Becascwnded Porfoimnoo 


F o * 84, hj » 8d 0 , I* * 12d 0 , * 1 «4d 0 

Structure designcdf for P ** 110. She discharge 
at P » 64 ie 76 percent of the design rate of flow. 
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tern will suddenly change to Type III. the value of the Fronde Basher 
at which the shift tram type Xa to Type III f! ear occurs depends upon the 
cap length. For the structure 

**1 * W o* % * ®V *h®n »j « d Q , ? 0 « appro*. 120 j 

when x. « 2d , ¥ « approx. 90 • 
i o o 

This phcnoBMoon my he analysed as follows* The jet issuing from 
the sluice opening flows along the bottcsu of the baffle chamber and dif- 
fuses with the overlying water until it strikes the biff-wall. At this 
point the direction of the flow is changed through 9CP so that the notion 
of the jet is vertical* Diffusion also takes place as the jet travels 
through the distance hj* when the Jet reaches the top of the mil and 
strike# the underside of the cap of overhang length lees than the diffused 
t h ic knes s of the jet, the jet will not be turned completely to the hori- 
sontal upstream direction. The shorter the cap overhang, the acre nearly 
vertical will be the direction of the jet at the upstream edge of the cap. 
The relation of the cap overhang to the thickness of the diffused jet do- 
teradace the angle at which the flow will leave the ohaaber, for all 
rate# of flow because the thickness of the &f fused jet is determined only 
by the site and ehape of the structure. 

At low rates of flow, i.e. low values of F , turning angles of less 
than 9€P (produced % short oops) will give Type la performance. At high- 
er rates of flow, the same angles of turning will still be produced but 
Type IH perfowuiuaoe will be obtained. The change will take place when 
the freely turning overflow has become so large as to strike the head mil 
before being turned downstream. Obviously, as has previously been pointed 
out, the change from Type la to IH flow will take plaoe at lower mines 
of F 0 for large oap overhangs and turning angles than for snail overhangs 
and angles. The performance of structures with short caps is shown in 
Fig. 2$. 

For the abovo reasons it was found advisable to use a cap of relative- 
ly long overhang sc that the length of the cap is always longer than the 
diffused thickness of the jet. Sfcotographs of cap length study are shown 
as Fig. 2d. She performance will than be that as described earlier in 
this report, having Type I flow for lew Fnoude Umbers, Type II for inter- 
mediate values and Type IH for high values of the Froude Busbar. 
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Photo. So. 19S0-S 

Type 1& Flow 
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5!ype II Flow* 

Additional cap lengtH does not help much. 
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Flow aoaoafmt unsteady for all oases because wall 
height, hj a 8d 0 , instead of roeoritmanded hj * 6.8d 0 
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GUPPBD BIFF-HiLLS llli DROPPED FLOORS 


Siaoe jet diffusion is a aajor factor in energy dissipation in 
ewea the shortest biff-mll structures, it occurred to the writers 
that additional opportunity for jet diffusion night increase energy 
dissipation. Tests were node with this opportunity provided by drop- 
ping the biff-wall clash er~ floor as much as ? 0 « 2^ # (see Fig, 14). 

The result# of these tests indicated that dropped floors say be 
desirable who® is greater than 32 because they reduce the energy 
remitting in the strews and thus the height of rise over tho biff-mll 
s baah s r . At lower values of F 0 this reduction is quite snail cow- 
pared with the depth of overflow over the biff -wall and thus not of 
maoh worth. To secure the advantages of dropped floors, slight in- 
creases in bdff-wall height are neoossary. From the few observations 
isnde, the following fomsula is suggested i 



0 * 00 ? 




m 


of this fonaula should be restricted to values of between 
M 9 and 12d o , unless more tests prove it to be extensible. 

Figures 27, 28, and 29 show that dropping the floor p » d is 

0 0 

desirable at high values of F^, and that the drop of P c « Zd Q way be 
justified in sane oases. 
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f- D \ Photo. So. 1975-3 

' ' type II 
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Compare with Figure 2(fo 
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Photo. Ho. 1973-4 
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PfaotO# Ife* 2101*2 

typo II Flow » 0ood Performnoe 
64, * sd 0 * ^ ** ®* 0 * ® ®\>i P p 88 ^ 


Cospar© with Figaros 27b aaod 20b* Conditions Iden- 
tical oocoopt for dropped floor, - p *» 2d Q . 

ft>to itprorod porforsaaoe. 


Slsdoe Coming 
4 0 o 0*06 ft. 



(b s Photo. So* 2101-4 

Type IH -*• II, • Structure Sonmhat Overloaded 

P o * m * ^ * ®V *1 “ ®V *1 “ M o* Pq 882 ^ 

(kaapare with Figures 27o and 19b. Soto greatly 
improved perfonaanoe gained by dropping floor* 


Sluio® Opmlng 

d Q - 0.06 ft. 


FI0. 26.— EFF1CT CP DROPPED PlfKS? OR PBBFOWttWI OP STRDCTCRf 

Shorn above are two identio&l structure# 'With 

the discharge marled* (a) F * 64, (b) P « US. 

o o 

Floor dropped by the tuaount, p p * 2d Q . 
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Sluice Opening 

d * 0*05 ft, 
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( h \ Photo. Bo, 1931.2 

ty$o II Flow - Bettor Jtffermnee 

V"* V 10d o' h “ ^o" *X * “o' ®e “ d o 
Stc&ii^r flow and reduced air anfcr&Sasont wore observed. 


Sluice Opening 
4 0 a 0,01 ft. 


f a \ H»to* 1986-2 

Typo II Fleer - Best Performnoe 
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y o * m * *1 “ *°V % » 1%. 

FIO* 29,~~EFFECT OF DROP FIDOS FCfi XAW 
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STRUCTURES 


lot© increase in well height required when floor dropped* Dropping floor 
doee not appear to iaprove performance as mtoh for large as for s nU 
structures. 


( a ) Photo* Wo. 1979-2 

%p® II Flow - Good Performance* 

F c « 111, hj « 8d 0 , 1^ « ^ « 48^, g Q » 0 

Cmp&em with Figure 18c. Instantaneous jSfcST* 
graphs indioate aorml variations in flow* 


Sluice evening 
d 0 » 0*0® ft. 


Book Pressure 
Indication 
lot Reliable 


Baok Pressure 
Indication 
Bet Reliable 
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Hhil® tho following atatenents are based on observation of flow 
in two dLaenaiona they are believed to be applioable to pipe outlet 
designs as well as sluice outlets. 

1. Gapped biff -walls of wary snail heights my be weed to 

dissipate energy from pipe outlets discharging at any 
velocity. 

2. The height of such walls is determined by t ho pipe di- 

ameter and not directly by tho velocity of discharge. 

5. Long overhanging oape are required for soot effective 
energy dissipation end least sise of structure. 

4* Capped biff-walls should be placed at a short distance, 
generally lees than twice the wall heifdit, from the 
pipe outlet. 

5. Dropped floors increase this energy dissipation possibili- 
ties of biff -wall structures. 

&• Rules are available for the proportioning of capped biff- 
wall structures in two-dimensional applications. 
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APPE3DIX A 

Mlsiam Biff KMl or Sili Height for the Forced Shook Kaw© 


fcatag the taste of the straight biff -mil structure, it was acted 
that the flow ewer the mil la Condition C, the forced shook wave, re* 
sonhled closely that produced at the end sill of stilling pools. (See 
Kerris and Johnson, hydraulic Design of Drop Structures for Sully 
Control, iVoo. Jot. Soq.C.B., January 1942j also Kerris and Jon* as, 
%draulio Model Tests of Conventional Drop Structures, 1940.) 

The drop structure studios produced a new rule for the determina- 
tion of end-sill heights t 


p * 0.5d Q (11) 

Because this situation is essentially mpdrleal and beoauee stilling 
pool* of the type applied to drop struotures my be used below biff- 
walls, special stu^r was given to the detonsdnation of the B&ntaua faai#*t 
of wall or sill for the production of Condition C. 

Two series of eapsrijsstxts were ooaduotedt (a) one in vdiioti the ever- 
Hm ms produced without st ftaa sr gon oe by snai of a narrow crested biff- 
mil and a depressed channel, and (b) one in which the overflow was 
stftmrged ^ water standing on the ohannal floor attending dewnatruaa 


fwsa and level with the orest of the end sill. In e&oh series, tests 


weans node at ts© distances, 1^, fww the sluice opening, at several 
wall or *m heights, p* and at may different Froude Soakers. Host of 
the teste were mde at rates of flow near tint ssp&mting Conditions C 


and D. 

The range of tests west 

d .... 
o 

p . . . . 



. 0.06 ft. sad 0.10 ft. 
••••*• d Q to 3*64^ 

20d and 7C» 

o o 

10 to 137 
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wall 


»latuiH» of the stilling pool, rather than that of the biff- 
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The data taken in these tests are plotted on a chart. Figure 80, 
in •which p/d Q is shown as a function of ? o • So distinction was 
sade be t we e n measurements at 1^ ® 20d Q and those at 70d Q in plot- 
ting the data* Three bold lines have been drawn in Figure SO* The 
two curved and inclined linee in the upper left corner of the diagram 
indicate the locus of points at which the hydraulic juap repl&oes the 
forced shock-wave for either the submerged or the unsubaerged tests* 
These hydraulic juap points were experimentally determined. The third 
line la drawn horLsantally through the field of data at a large enough 
value of p/j Q to secure positive formation of Condition C at values 
of ? 0 greater than 20. The equation of this line 

P « 0.6d o (12) 

is reoosanended for the use in oaloul&tlng minimum biff -wall heights 
and sill heights for flow from sluice outlets* Comparison of the 
of Figure SO with the results of the drop structure experiments indi- 
cates that there is a difference between the slulee outflow condition 
and that obtained in the stilling pool of the drop structure. The dif- 
ference nay be either in the contracted flow effects or in the 
velocity distribution produced as the drop structure overfall strikes 
the apron. She performance shown in Figure 15d of the Mbrris and 
.Johnson paper or on page SO, photograph 1682-C of the Morris and Jones 
paper where flow contraction was eliminated entirely at p/d *® 0*48 
is evidence pointing toward now contraction ae a principle cause of 
difference* Therefore, except for extremely wide or unoontraoted drop 
•truotaree, it should not be necessary to replace equation U with 
equation 12* 

Some of the points plotted la Figure SO are shown by the photographs 
in Figures 4, 6, and IS in the discussion of straight biff-walls* Also, 
during the tests described in this appendix, additional infonmtion was 

obtained for plotting In Figures 2 and 7 of the straight biff-wan dis- 
cussion* 
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